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Abstract 
 
Svinø nor is a cove that is presently kept dry by pumping out the collecting water 
and also by dikes that block water coming in from the sea so that it can be used for agricultural 
purposes. The area has some value towards becoming a nature reserve and returned to its wetland 
state. This idea for a restoration project became our case to study. We decided to take on this by 
finding out what the soil conditions are at present in terms of texture, pH, total phosphorus, iron 
and carbon. We desired to understand the spatial variability at present to help predict the potential 
future status. The studies, field and lab work is supposed to help us figure out what these 
parameters mean for the possible wetland restoration. Our method was to make a strong sampling 
strategy, take profile samples by augering and then to conduct further soil analysis. The 
monitoring plan we used was on a semi-detailed scale and with an ideal scenario chosen that is 
similar to the area’s own appearance from the past as it was when it was a wetland. Our discussion 
focuses on this aspect. The filtration and metabolism of the soil is very important to the project, so 
we researched texture foremost and followed it with the other chemical characteristics to find out 
about the way the minerals travel and interact. Sandy and sandy loam are the most frequent soil 
types we found in the proposed wetland. Percolation of the soil in this area is related, very much, 
to the high groundwater table. The majority of found iron was in the upland region but was 
sporadic in results at different depths. Most all of our samples showed pH values of 7,5 or under. 
The phosphorus concentrations we measured were only in the 0-20 horizon showing mixed results 
in the lowland region and more uniform values in the upland. The amounts were often between 
0,4 and 0,8 mg/kg phosphorus/soil. The majority of organic matter was found in the lowland 
region. We made detailed maps and graphs to represent the results clearly.  
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Introduction  
In many places around the world different cultures have been developed with close relations 
and economic dependency on nearby wetlands. Mankind has enjoyed the scenery and beauty of 
these areas but exploited the wetland resources. However, for many years humans have been 
drying wetlands while changing land characteristics from natural lands to agricultural and rural 
lands. In doing such, we have been destroying the delicate natural balances of soil, water, energy, 
nutrients and life in the areas which were once wetlands [Mistisch & Gosselink, 1986 pp.4-10].  
In recent decades there has been much public and scientific debate (one example, in the 
International Conservation on Biological Diversity 1992) and, also, work with the intention of 
restoring and preserving wetlands and coastal areas all over the world. This is in order to re-
establish the natural balance that is provided by wetlands while preserving the biodiversity they 
hold within. Wetlands include a variety of landscapes such as; swamps, marshes, estuaries, tidal 
marshes, coves, peatlands and coastlines. Consequently, they provide habitats to a large range of 
diverse and unique organisms like amphibians and migratory birds which are dependent on these 
areas for survival [Beltman, Bobbink, Verhoven & Whigham, 2006, pg.1]. However, a wetland 
restoration and re-establishment of the natural balances is not always as simple and 
straightforward of a task as one would think it is. Simply re-introducing water to the area might 
not be sufficient after this changes in the nutrients and water content in the soil, driving wildlife 
away and modifying the vegetation types and their patterns. Restoration projects might encounter 
a variety of problems resulting from the changes and impacts that were done by humans. 
This project deals with a possible wetland restoration project in Svinø nor, Denmark. We 
were interested in trying to predict how the present state of soil and water management would 
influence the possible outcome of the restoration project. This interest led us to our research 
question, which is: 
How would the present soil situation (with regards to soil texture, iron content, soil 
organic matter, soil pH, and soil phosphorus) in Svinø nor affect the restoration project 
in the area? 
We will answer this question by empirically investigating the spatial variability of soil 
properties in the area and the processes that influence them. Then, we will present our results by 
extrapolating the data and creating maps of the present situation in Svinø nor. By analyzing these 
maps and implementing the relevant theoretical knowledge we can, then, discuss the present 
conditions and their effect on the restoration project. 
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Map 1: The Svinø nor area is located at the south of zeeland, the former wetland 
area is about 3 km long and 1 km wide. Avnø island is located south-west of the 
cove. 
Svinø nor- an introduction to our case study 
In this part of the report we aim to give an overview on the present situation, past 
development and the motivation for the restoration project. Svinø nor is located in the southern 
end of Zealand (Sjælland), Denmark. The size of the cove is approximately three kilometres long 
and one kilometre wide. The area is almost completely flat with small rolling hills surrounding the 
cove.  Presently, there 
are crops grown in the 
region edging more 
toward grazing land with 
some farms and a nature 
observatory on an old 
airfield.  
In recent years 
the idea of restoring the 
area and designating it as 
a natural park has begun 
to blossom. A general 
plan that includes three 
main scenarios for the 
restoration of the 
wetland was developed 
(see: Discussion pg. 50). 
In 2005, a report by the 
Danish authorities, 
“Regional plan 2005-
2017” [“Regionplan 
2005-2017”], Svinø nor 
was identified by the 
government as an area 
that holds potential “natural” value as opposed to it’s government’s former status of it as a 
farmland. 
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Map 2: Svinø nor area in 1720, a sketch made by DN. 
from this figure it is obvious that at an earlier stage 
Svinø was an island, and that the cove was connected 
to the open sea both from south and from the west-
northern ends. 
The restoration of the area to a nature park is still a long way from being accomplished; at 
the moment it is only a plan of the district branch of DN (Danmarks Naturfredningsforening or 
The Danish Society for Nature Conservation). DN would like to raise the public and official 
interest in the program and begin fund raising while getting over technical challenges. One of the 
ways to accomplish this was, in part, the project offer that was sent to the school’s Science Shop 
at RUC.  
 The Svinø nor project was initially presented to us as an evaluation of an extensive wetland 
restoration project covering many aspects such as; analysis of the area’s nature today, the 
economic issues of the project, public opinion, environmental issues, evaluation of different 
restoration scenarios and the practical ways to carry them out. This was much more than we could 
possibly accomplish in the timeframe of one semester. We have decided to focus on the natural 
qualities of the soil and water in the area along with the relations between them because this was 
within our common area of interest.  
Our decision to work with a real restoration project like the Svinø nor project is two-folded. 
One, all of us agreed that working with an empirical experiment is a good aspect to have in any 
project. Two, by choosing Svinø we hope to meet a specific demand from the public and learn to 
work together with another party already involved. All of us in our group are interested in 
environmental issues, so a project like this could prove to be useful for each of us in our further 
studies. 
 
Svinø nor - historical review  
The influential geomorphological processes 
in Svinø nor began at the end of the last ice age. 
The glaciers came to a stop about fifteen km east 
of Svinø. The melting of the ice and the gradual 
rise in the land surface at the end of this period 
turned Svinø into an area of marine/marshlands 
and formed a cove in the area beneath the sea 
level (Map 2 on the right & map 3 on next page). 
The activity of these forces caused changes in 
the landscape through the last thousands of 
years [Price, 1991].  
Svinø nor: The role of current conditions in a possible restoration project  
Group2, House 14.2 
Date: 5/29/2007 
  Page 8 of 58 
Map 3: An old map of the Svinø not area from 1776, 
the cove is directly connected to the sea. 
Map 3: The Svinø nor area at 1890, the two dikes 
can be seen on the northern and north eastern sides 
of Avnø. At that time the cove is mostly marshland, 
with three small and shallow lakes. 
 
The next important change in the area was the beginning of intensive artificial water 
management project during the 18th century. At that time, two dikes were erected between the 
small island of Avnø and Svinø’s coastline. The dikes prevented seawater from entering the cove 
and formed a lake of brackish water. A few years after the construction of the dikes drainage 
canals were dug and water from the lake was pumped to the sea in order to allow cultivation in the 
area.  
Avnø is at the southern most tip of the local coastline and was used and occupied by the 
Germans during World War II as a flight training area and followed thereafter by the Danish Air 
Force. These types of activities stopped about fifteen years ago and the area has, since, become 
protected, with two remaining buildings being used as a nature school and police academy. 
Currently, Avnø is mostly covered with grassland that might be seasonally flooded in storm 
events. In September 2006, during such a storm, one of the dikes was broken and the island of 
Avnø was covered by water. The water level marks from that event could be seen at over one 
meter height on the walls of the nature school.    
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Map 5: The cove in 1962, the lakes were dried 
and the area is used for agriculture 
Map 5: A satellite photo of the Svinø area, 2007 
(google earth), it can be easily seen that the area 
is cultivated for agricultural use. Avnø is seen as 
natural grassland. 
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Theory and expected results 
In this chapter we will explain the theoretical background to our work. We will introduce 
some of the relevant physical and chemical actors that play a role in the formation of the 
landscape and in the chances of success for the restoration project. We will review the different 
tests we have done during the work on this project and why are they significant to our project. In 
the last part of this chapter we will specify the expected results from analysis due to the theory and 
what we know about the area previous to getting the results.  
 
Soil texture 
The soil mineral fraction is formed of particles of many different diameters. The size of 
mineral particles in the soil ranks from a diameter bigger than 600mm (boulders), stones which 
have a diameter bigger than 20mm and gravel with a diameter of 2-20mm down to sand, slit and 
clay. Boulders, stones and gravel are considered to be the “coarse fragments” while sand, silt and 
clay are the “fine earth” and we always refer to those. Soil texture refers to the relative proportions 
of sand, silt and clay within the soil. 1The diameter of sand ranges from 0,063 to 2,0mm, silt 
ranges from 0,002mm to 0,063mm in diameter and the diameter of particles in the soil that are 
smaller than 0,002 are refer to as clay [Holden, 2005, Schaetzl & Anderson, 2005].    
 
Table 1: Important properties of sand, silt and clay [Schaetzl & Anderson, 2005] 
 
The texture of soil has a great affect on many different properties of the soil, the most 
important qualities to our investigation are summarized in the table above. 
 
                                                 
1
 There are more than few soil texture classifications systems which are used around the world, in our measurements 
we choose to use the “International System” and the diametric values mentioned here are used in this system. 
Property Sand Silt Clay 
Attraction between particles Low Medium High 
Surface area Very low Low-medium High 
Attraction of particles to 
water Low Medium High 
Water holding capacity Low Medium-high High-very high 
Resistant to pH change Low Medium High 
Ability to retain chemicals 
and nutrients Very low Low Medium-high 
Resistance to wind erosion   Moderate Low High 
Resistance to water erosion   High (unless fine sand) Low 
Depends on degree 
of aggregation. 
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From the study of the soil texture we can separate different soil samples into a variety of 
texture classes based on the percentage of sand, slit and clay in the total soil sample. The figure 
below is a soil texture chart that shows the percentage of sand, clay and slit related to different soil 
textures. 
 
Figure 1: The triangular scheme of soil types [Holden 2005]. The ternary diagram that Elgharmy and Elashkar 
(1962) created helps us to place most soils in a scale suited for all three classes. A clay loam texture would be, 
hypothetically, in the centre of the triangle diagram. Loamy meaning a texture that is not dominated by one specific 
texture class. 
 
Like the texture classifying systems there are also different types of triangular schemes with 
a slightly different inner distribution between the soil texture types. We choose to use the triangle 
which is shown above. Texture has a lot to do with the way an area percolates, which can be 
especially important to a water/soil connection due to matric force, or suction to surface areas. 
As the fine particles of the soil have influence on different properties (see:  
Table 1, pg.10), so do the larger and coarser fragments in the soil. The water and ion holding 
capacity of the soil is decreasing when the size of particles increase. Large and coarse soil 
fragments help to avoid soil erosion [Schaetzl & Anderson, 2005]. 
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It is mostly the soil minerals which determine the soil texture, however, organic matter in the 
soil which is called humus also has an influential role in the soil texture. We judge humus by 
colour (or discoloration) and this is the state of a soil’s mature compost. 
 
Soil, topography and water dynamics 
Soil water dynamics is one of the main influences in the hydrologic cycle. The hydrologic 
cycle is the process which water is transferred from the oceans to the atmosphere to the land then 
back to the oceans [Botkin & Keller, 2005. pg. 82].  
 
Figure 2: the hydrological cycle [Dai] 
 
During the hydrologic cycle, precipitation delivers water which is essential factor of soils 
ecological function and its formation process. When the water flows in the soil surface some of 
the dissolved organic and inorganic elements will be contained in the soil solution. One of the 
main functions of soil solution is translocation, which is carrying and moving dissolved chemical 
elements or electrical charges to the soil surface or leaching into deeper groundwater. There are 
three water containment states in the soils and each of them determines how much water is held 
within the soils. The first state is saturation which means the amount of water exceeds the entire 
soil pore spaces. When the soil’s water state is at field capacity, it means water fills the smaller 
pores and the air fills the larger pores after gravitational water is drained from the soil. If the soil’s 
moisture level decreases to a point that plants can no longer take out water from the soil it is at its 
wilting point [Holden, 2005].  
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Assuming the soil is not already saturated when the water initially meets the soil surface the 
water will either infiltrate into the surface soil or be kept in the interception storage. When the 
water supply is greater than the soil’s field capacity, the soil will be at its saturation state 
potentially resulting in OLF (Over Land Flow) from upland to lowland. The OLF water will end 
up in a river, lake or sea at lower elevation. However, the saturated water in the soil surface will 
eventually evaporate, sink into the deeper soil layer or throughflow into groundwater. The figure 
below illustrates the pathways of water runoff. 
 
 
Figure 3: Main hill slope runoff pathways [Holden, 2005. Chapter 13].  
 
The amount of water contained in different soil states is dependent on a lot of factors, 
especially soil texture, soil structure and organic matter content. In soil water dynamics, the soil 
texture and soil structure are major components of the soil’s hydrological system. 
The soil’s water holding capacity is larger since soil water is adsorbed when there are 
smaller soil-particles.  The influence of soil texture on the water content is mainly due to the 
distribution of the soil particle sizes. From the figure below, you can find the available water 
content in the related soil to its type.  
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Figure 4: Relationship between soil texture and soil water [The national land and water information service Canada] 
 
The soil water capacity is determined by the size, shape, and arrangement of the soil 
particles and soil pores. Finer particles in the soil as a whole will entail a larger surface area and 
more contact with soil water. The water affinity to the soil particles’ surface area is the force 
holding the water in the soil’s pores therefore, a larger particle surface area means a greater water 
holding capacity. Clay soil consists of smaller pores so this type can contain more water and, on 
the contrast, the sand-type soil has larger pores making it easier for the water to flow through. 
Larger amounts of water remain in the soil type which has smaller pores because more energy is 
required to move water through these pores. In this case, more smaller pores will exist but more 
pore space is available in total, per soil volume. In addition, organic matter is another parameter 
that could affect the soil water content. Organic matter is mostly distributed in the top of the soil 
layer and it can increase the moisture holding capacity of the soil. This indirectly affects water 
content through its influence on soil structure and total pore space [Holden, 2005].  
 
Soil pH 
Soil pH value is the determination of acidity (pH<7, high H+ concentration) or alkalinity 
(pH>7, high OH- concentration) level in the soil content; it ranks from 0 to 14 and the value 
around 7 is the neutral pH. Soil pH is one of the most important factors which has a great 
influence on soil quality. The soils with a neutral pH value increase the availability of nutrients to 
plants or crops, supporting their growth. The soil’s pH value affects the plants or crops growth 
rate by influencing the solubility of nutrients or minerals. If the acid level in the soil is getting 
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higher it will increase the solubility of the nutrients or minerals in the soil, thus, increasing some 
other chemical element’s levels in the soil to the point of causing possible toxicity to the plants or 
crops. [SUNY-ESF] 
 
Table 2: The most used terms for describing the acidity in the soil [SUNY-ESF] 
 
The factors that influence soil acidification are included both in nature processes and human 
activities. The natural processes usually causes long term change in pH value while human 
activities usually affect short term changes [Holden, 2005].  
There are many human activities that change acid concentration in the soil. Application of 
fertilizers containing ammonium can result in acidification of the soil due to oxidation of the 
ammonium ion and release of H+ to the environment by microbial activity, this process is also 
called nitrification. Harvesting stops the natural cycle of base ions, returning ions from the plants 
back to the soil and causing further acidification of the soil. Acid rain resulting from human 
activity might also cause a decrease in the pH level [Holden, 2005 pg.163].  
Most common natural process influencing pH values in the soil are leaching, decomposition 
of organic matter and plants and soil microorganisms’ respiration. Leaching refers to the 
disassociation of base ions from negatively charged clay particles and hydrogen ions taking their 
place. This process causes the pH to decrease. Decomposition of organic matter produces water, 
when this water is associated with inorganic carbon in the soil organic or inorganic acids are 
produced. The inorganic carbon in the soil is a result of respiratory activity by microorganisms 
and plant roots [Holden, 2005 pg.163]. From the figure below, we can see that most of the 
important nutrients are available to plants under conditions of around neutral pH. 
 
Acid standard pH value Samples 
Extremely acid less than 4.5 lemon-2.5; vinegar-3.0; stomach acid-2.0; soda-2–4 
Very strongly acid 4.5–5.0 beer-4.5–5.0; tomatoes-4.5 
Strongly acid 5.1–5.5 carrots-5.0; asparagus-5.5; boric acid-5.2; cabbage-5.3 
Moderately acid 5.6–6.0 potatoes-5.6 
Slightly acid 6.1–6.5 salmon-6.2; cow's milk-6.5 
Neutral 6.6–7.3 saliva-6.6–7.3; blood-7.3; shrimp-7.0 
Slightly alkaline 7.4–7.8 eggs-7.6–7.8 
Moderately alkaline 7.9–8.4 sea water-8.2; sodium bicarbonate-8.4 
Strongly alkaline 8.5–9.0 borax-9.0 
Very strongly alkaline lager than 9.1 milk of magnesia-10.5, ammonia-11.1; lime-12 
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Figure 6: Eh–pH stability field for aqueous iron at atmospheric pressure 
at 25°C. If the water Eh and pH are known the figure shows the form in 
which iron will occur. For example, at pH 4 and Eh 0, iron would be 
present as Fe2+. [Holden, 2005] 
 
 
Figure 5: Relative nutrient availability at various soil pH values [Evanylo 2000] 
 
Soil Iron 
Iron is one of the most abundant elements in the Earth’s crust and is one of the main 
components in the inorganic sector of the soil. Iron compounds in the soil give it different types of 
red, brown or yellow colors. Iron is an important macronutrient and is essential to the 
development of plant life. Iron has two naturally occurring cat ions- ferrous (Fe2+) and ferric 
(Fe3+) also written as Fe (II), and Fe (III), respectively [Leper & Uren, 1993].  
Iron is a very reactive element, thus, it is very rarely found in its free state. Iron would react 
with anions found in the soil (as solutes, as soil particles or in the soil air). The most commonly 
occurring iron compounds in 
soils are iron oxides. 
Therefore, when we mention 
iron it is referred to as it is in 
its one of many different 
compounds, usually iron 
oxides.  
The behaviour of iron 
in soils, as described by 
[Leper & Uren, 1993. 
pp.227-8], is characterized by 
low solubility of the hydrous 
ferric oxides. The solubility 
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decreases relative to the increase in soil alkalinity.      
In anaerobic conditions like the ones existing in waterlogged soils for example, the iron 
oxides are reduced to the ferrous state, in which the solubility of the compounds increase. The 
increase in solubility also affects the mobility of iron in the soils, Fe ions can move horizontally 
and vertically. Iron placement in the soil is usually related to the appearance of colloids (a 
heterogeneous mixture of two phases), where it may appear as the free iron oxides or combined to 
aluminosilicates (AlSiO4). 
Iron oxides usually occur as a result of water-rock interactions and are usually found near 
the soil surface. The most abundant iron oxide is the Fe (III) oxide that is found in almost all soils, 
namely, Goethite (α-FeOOH). Hematite (α-Fe2O3) is the next most occurring Fe (III) soil oxide. 
Formation of Goethite is favourable over the formation of Hematite (α-Fe2O3) in conditions that 
include low iron supply, abundance water, lower temperature and acidic or alkaline environments 
[Yapp, 2001]. It can be found in some reddish soils and happens with linkage to Goethite; 
however it doesn’t appear in humid mild climates. Maghemite (γ- Fe2O3) occurs mostly in soils 
from tropical and sub-tropical regions and may also contain ferrous ions [Borggard, 1990 & Yapp, 
2001].     
Phosphate is known to be strongly adsorbed by iron oxides [Borggard, 2004] and the most 
common iron oxides are Goethite. Under alkaline environments goethite has a negative charge 
which increases the affinity of phosphate and thereby it’s adsorption as well [Borggard, 1990].  
The pH value has some influence on the adsorption of phosphate by iron oxides, however 
this influence is not clearly determined [Borggard, 1990, pg. 82]. Phosphorous and silicate are 
found to be incorporated as an impurity in iron and aluminium oxides [Borggard, 1990]. 
The adsorption of phosphorus by iron oxides in the soil is affected by time, it seems to be 
faster in the beginning and slower as time passes [Borggard, 1990, pg. 79].   
Organic matter inhibits the crystallization of soil iron oxides. Organic matter also has sway 
on the absorption of phosphate by iron oxides; first, it is inhibiting the creation of iron oxide 
crystals and second, it is competing with phosphate for the binding sites in the crystals. The 
absorption of phosphorus by iron oxides seems to be decreasing in the presence of organic matter, 
especially in an acidic environment when the organic matter is present as fulvic and humic acids 
[Borggard, 1990, pg. 84].  
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Figure 8: The Phosphorus Cycle [Minnesota department of agriculture]  
Soil Phosphorus  
Phosphorus is the second most abundant macronutrient in biological organisms after 
nitrogen. In the microbial tissue of ecosystems it can appear at concentrations of up to 2% of their 
biomass. Other than that, it is also used as detergent in soaps, toothpaste, fireworks, and, of 
course, as fertilizer for agriculture. The phosphorus being used in these is commonly from 
phosphate stones like apatite. 
Phosphorus, as a free element, has the atomic symbol P, but occurring in nature we very 
seldom find it as a free element. Instead it occurs as ortho-phosphates (derivatives of H3PO4) or 
organically fixed forms in both autotrophic and heterotrophic organisms. These phosphates bind 
very easily to the soil colloids which are also contributing to fixating the phosphates in one place 
making runoff and leaching more difficult. 
As opposed to the nitrogen cycle, phosphorus does not have an atmospheric pool (except for 
very small amounts of volatile PH3); the phosphorus in circulation goes through the lithosphere, 
hydrosphere and biosphere. 
For natural, unmanaged, 
ecosystems it is also the 
tendency that this is a 
closed system so that the 
amount of  phosphorus 
available is going through a 
continuous cycle of 
mineralization and 
immobilization (re-
absorption into organic 
matter) and nothing is 
removed from the system.  
As we see in the 
graph on the right, there 
is a strong connection 
between soil 
iron/aluminum and the 
soil phosphorus 
Figure 7: Phosphorus Availability and Soil pH [Busman, 2002]  
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availability, when pH decreases (< 7), the iron changes form and adsorbs more H2PO4-. Likewise 
for alkaline or calcareous soils, the calcium ions start to adsorb most of the HPO42-.  
In an investigation of estuaries it has been shown that one of the ways of reducing internal 
recycling of phosphorus is to control and decrease the external phosphorus -nutrient sources. From 
[Borggade, 1990 pg.85] we know that if a soil contains calcium, then it will also serve as an anti-
leaching/run-off factor since calcium flocculates the organic matter. The presence of sodium will, 
on the other hand, work as a disseminating factor and dissolve organic matter. 
Since it has been known that phosphorus is a limiting factor for plant growth, it has been 
sought to apply phosphorus -containing fertilizers on fields in order to gain higher yield. Nearly 
every time we reap a field we remove nutritional value from the soil, so we need to continuously 
replenish the soils with new nutrients. With respect to phosphorus, these new nutrients are usually 
obtained through mining phosphate rocks and it is estimated that up to 75% of the phosphorus 
occurring in agriculture and its fertilizers has come from this source. 
 
Organic matter content 
Organic matter is produced by microbes, plants and organisms, and contains a huge array of 
carbon compounds. Those compounds could act on other nutrients, water management and the 
biological cycle. There are, basically, two major types, the stabilized organic matter and active 
fraction.  
Stabilized organic matter is highly decomposed. It makes up nearly a third to a half of the 
organic matter content in the soil. The stabilized organic matter could be divided into three 
chemical groups; humic acid, fulvic acid and humins2.  
Stabilized organic matter functions as a sponge and can contain six times its weight in water. 
It could improve the water filtration, decrease the water evaporation and increase the water 
holding capacity. The water which travels through organic matter is absorbed by plants. Organic 
matter also increases the soil’s nutrient holding capacity.  
Active fraction is being used and transformed by living plants, animals and microbes. It also 
makes up a third to a half of all organic matter. (See Figure 9 pg. 20)  
                                                 
2
 Humins are the fraction of humic substances that is not soluble in water at any pH 
value.  
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Figure 9: Organic compounds in the soil [The University of Minnesota, 2002] 
 
Most of the nutrients that the plants need are held in organic matter. When the organic 
matter decomposes the materials that will be released are nutrients like ammonium, nitrogen, 
phosphorus, sulfur, and iron in a form that is available for plants. 
The dynamic cycle of organic matter. See Figure 10 
1. “Additions”. The roots and leaves become organic matter residue after they die. 
2. “Transformations”. The organic compounds are decomposed by micro-organisms.  
3. “Microbes feed plants”. Some of the waste microorganisms release to the 
environment can be used as nutrition by plants to support growth. 
4. “Stabilization of organic matter” Finally, the compounds become the stabilized 
organic matter. 
 
Figure 10: The changing process of organic matter [The University of Minnesota, 2002] 
 
The active organic matter is used in the central part of the nutrient cycle both in steps 2 and 3. 
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Figure 11: The functions of soil organic matter [USA department of agriculture] 
 
Soil organisms from bacteria to worms use the organic matter as food. Then, they can 
release the nutrient that will be available for plants. The activity of soil organisms are an effect of 
organic matter. Organic matter can protect the soil from forming a crust by changing the soil 
texture, and prevent erosion by increasing aggregation rate. In agricultural areas, organic matter 
can hold the pesticides to stop it from seeping down too quickly.  
Measuring soil organic carbon can give an estimated amount of organic matter in the soil 
[NRCS homepage]. Therefore, we measure carbon content in the soil which will allow us to 
calculate the soil organic matter. 
The natural process of organic matter accumulation in the soil, according to [Dalal, 2001], is 
also influenced by pH, as we can see from the figure below. Low soil pH will increase organic 
matter concentration in the soil. In acidic conditions the activity of microorganisms responsible 
for the decomposition of organic matter is limited and, therefore, we find more carbon in acidic 
soils. 
 
Figure 12: Effect of soil pH on carbon retained by soil surfaces [Dalal, 2001] 
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Expected results 
We will try to make a qualified assumption about the present situation of Svinø nor, this is 
not a hypothesis, but, an attempt to systematically review the relevant theoretical knowledge and 
implementing it on what we know about Svinø nor before conducting the experiments. 
When we examine the area of Svinø nor, we expect to find prevailing sandy types of soils 
due to the area’s proximity to the sea. We know that the original water table in the area was high 
and is, at present, artificially lowered by the drainage canals and water pumping. We also know 
that the land formation process in the northern Europe is considered to be young and therefore we 
expect to find the mineral clayey layer close to the surface. We think that agricultural activity in 
the area has caused a mixture of the sand and clay with humus and that the soils have a good water 
and ions holding capacity. In that context we also expect to find relatively high organic matter. 
The topography of the area indicates that we will find slightly higher concentration of 
organic matter, nutrients and finer soil particles in the former wetland area due to the flow of 
water. Today, water in the area is drained into canals, which means that solutes and minerals are 
mainly accumulating according to an artificial pattern in areas near the streams. We presume that, 
due to the soil management and its current use for agriculture, the differences between upland and 
lowland has become quite vague.   
The use of chemical fertilizers and the water management in agricultural land and harvesting 
of crops are all factors that can change the acidity in the farmland soils. On the other hand, we 
assume that the soils in farmlands are well maintained and that farmers are trying to balance the 
pH values of the soil in order to get higher yields. Due to these two reasons, we expect the pH 
value in the soils to be near neutral or slightly acidic. The pH value in the wetland is expected to 
be much more influenced by groundwater which has a high concentration of calcium carbonate 
(CaCO3). Calcium carbonate has a basic pH and acts as a buffer in solutions, so we think that the 
pH in samples 7-10 will have a relative higher pH than the farmland area. 
The content of organic matter is a direct result of plant and other organisms living then dying 
in the soil and above it. In the soils, with a healthy pH and nutrients content, which are used for 
agriculture, we expect to find abundant life. In the wetland near the coast we saw that the soil is 
almost sandy and there are not so many plants in this area so we expect the organic matter content 
to be lower here than in the farmland area even though crops are harvested and organic matter is 
exported from there. 
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The interrelations between organic matter, iron and phosphorous under different pH values 
are very complex and difficult to predict. However, we will confront this issue since 
eutrophication of wetlands, due to excessive phosphorous, might be an obstacle of the restoration 
project. We know, that in waterlogged soils iron oxides’ solubility increases so we anticipate less 
iron in the area with higher water content, as in, for example, the protected area of Avnø.  
Phosphorous is mostly adsorbed by iron under low pH values and under low concentration of 
organic matter. Since we expect lower pH in the agricultural area and lower organic matter in the 
preserved area we cannot get a clear expectation just from this information. Since we assume that 
farmers use fertilizers which contain phosphorous we think that the phosphorous concentration 
will be higher in the agricultural land which is the area destined for restoration. If this assumption 
is correct than the problem of eutrophication might become a reality.  
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Methodology 
Design of Experiment  
Our empirical work was designed to answer our research problem and to test out if our 
expectations have any validity. Specifically, we want to find out how does the spatial variability of 
the soil texture, iron content, organic matter content, acidity and phosphorous at Svinø nor appear?  
The design of the experiment starts with the sampling strategy so we divided the area into 
three sampling areas; the first: a former wetland and then agricultural area in the present, the 
second: not a wetland in the past, an agricultural area in the present, and the third: a former 
wetland and wetland in the present, plus it has never been an agricultural area (more specific 
information will be given in the next part of the report). The two first sampling zones are the 
research zones and the third zone is our “control group”, an area that has only been slightly 
modified by humans.  
We took soil samples in fourteen different spots at four different depth sections, and 
analyzed them in the lab for texture, pH, organic matter, iron and phosphorus content.  
Soil texture was analysed and then fit into the soil texture triangular schema (Figure 1) in 
order to define the soil type. Soil pH was determined in a calcium chloride solution by a pH meter. 
Organic matter content was analyzed by burning our soil sample at a high temperature and then 
measuring the CO2 emission. Phosphorus was extracted from the soil into a solution and then by 
adding a colorizing indicator we measured absorbance by a spectrophotometer. Iron content was 
determined by extracting iron from the soil into a solution and then analyzing it in an Atomic 
Absorption Spectrophotometer (AAS).  
We didn’t have the time or the resources to evaluate several different methods of soil 
analysis before starting our experiment. Our lab technicians that have experience in the specific 
fields we wanted to investigate recommended the aforementioned methods to us. Availability of 
the machinery, laboratories and personnel that could help us with our measurements was the main 
consideration in choosing the specific methods from the beginning. 
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Map 6: Sampling strategy 
Methods  
Field work 
Our sampling strategy was 
created to answer our need for 
finding spatial variability in the soil 
properties around the area of Svinø 
nor. We sampled in three separate 
sampling zones for the region, two 
in the agricultural area and one in 
the protected area (samples 7-10). 
The sampling zone in the 
agricultural area is divided into two 
separate groups by their relative 
altitude; lowland (samples 2, 13, 4, 
5 and 6) and upland (samples 1, 3, 
11, 12 and 14). The lowland refers 
to the former cove area while the 
upland is the area surrounding it. 
The samples in the agricultural area 
were deliberately organized in a “+” 
form; a vertical line crossing 
thorough the cove (samples 2, 13, 4, 
5 and 6) and a horizontal line which cross the cove in the middle (samples 11, 12, 13 and 14). This 
method will enable us to systematically trace the differences caused by the differences in altitude, 
soil and water management practices along the sampling lines.  
The distance between each two samples in the agricultural area, varies between 400m 
(samples 4 and 5) to 1,5km (samples 13 to 14). Our method of sample extraction that was chosen 
was augering. We augered in each point to a depth of 80cm in four depth sections (0cm-20cm, 
20cm-40cm, 40cm-60cm & 60cm-80cm). We hope to find correspondence that these four depths 
that will correspond to four different soil horizons. Soil horizons are consisted of different 
horizontal soil layers that distinctive from each other and in a sequence of O, A, E, B, C and R 
horizon. The O horizon is located in the soil surface normally dominated by organic matters that 
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decomposed from the dead organisms; this layer is also called top soil. The A horizon is just 
located next to the O horizon, it is mainly dominated by humus resulting from mineral and organic 
matters, the colour of this layer is usually darker than the beneath horizons. The E horizon occurs 
next to the A horizon, it is also called subsoil which is eluvial layer as a function to deplete of 
clay, iron and organic matters. The E horizon has a lighter colour than A and B horizons. And the 
fourth horizon is the B horizon, the B horizon is mainly dominated by mineral, and the colour in 
the B horizons tends to reddish because of the occurrence of iron oxides. These four up most 
layers are the valuable horizons for our research work [Holden, 2005].   
The soil from each depth section was stored in a separate paper or plastic bag, specifically 
marked and taken to the lab for drying. This way was chosen due to its relative simplicity and 
because we hoped it would enable us to get the necessary information for our analysis without 
being too time consuming.   
WEATHER AT THE TIME OF SAMPLING (14/03/2007 FROM 14:00 TO 18:30) WAS CLEAR WITH WIND 
(11M/SEC) FROM THE WEST, TEMPERATURES WERE AROUND 7˚C (COLDER IN THE EVENING). THE LAST 
RAIN EVENT IN THE AREA WAS 4 DAYS PREVIOUSLY ON THE 9TH OF MARCH [DMI].     
 
Lab work 
All soil samples were air dried for a week and those that were not completely dry by then 
were dried in an oven at 105˚C. The dry soil was weighed, manually crushed and homogenized 
with a pestle and mortar and then sieved through a 2mm sieve. Stones and organic matter larger 
then 2mm was weighed, recorded and then disposed of.  
All of the five chemical and physical analyses of our soil samples (soil texture, soil pH, total 
Fe content, total P content and total C content) were done with the soil after it had gone through 
the process described above unless it is specifically mentioned otherwise.  
 
Texture Analysis  
50g of each soil sample were placed in a plastic cup. 40mL natriumpyrophosphat was added 
into each soil cup and then they were filled with water and stirred overnight. The mixed soil 
solution in each cup was transferred into 1L cylindrical beakers. Each of the beakers was filled 
with water and then put into a temperature regulated water tub. We stirred the soil water solution 
in the beakers and then measured the density of the liquid with a hydrometer after 3min and 30sec. 
We repeated the measurement with the hydrometer after 7min 30sec, after two hours and again 
after sixteen hours.  
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Next, the solutions were dried separately in an oven and then the dry sediments were shaken 
for 7min through 500µm, 200µm, 125µm and 63µm mesh sieves. We weighed the soil that 
remained in each sieve in order to determine the relative weight of sand, silt and clay in each 
horizon. The measurements that were obtained from the hydrometer were calculated and analyzed 
and this allows us to calculate the relative weight of clay particles smaller than 20µg. 
 
Carbon Analysis 
The carbon analysis process is based on the combustion of carbon from the soil inside a 
furnace with a high temperature and detection of the released CO2.   
This carbon sulphur determinator is heated up to a temperature of 1300˚C. We weighed out 
approximately 0,1g from each soil sample in a small container, the weight was keyed into the 
carbon sulphur determinator and then the sample was placed inside for combustion and carbon 
analysis. We repeated this procedure twice for all the same depth sections from every augering 
point to increase the accuracy of our results. 
 
pH Analysis 
The pH of the soil is measured in calcium chloride solution in order to neutralize the 
influence of salt ions in the soil which can cause fluctuations in the pH measurement if it is taken 
in water. We weighed 10g of each soil sample into a plastic cup, and then added 25ml 
(0,1Mole/Liter) calcium chloride solution. The cup was stirred for three hours. We calibrated the 
pH meter with two buffer solutions with pH’s of 7 and 4,01, the electrode was rinsed with distilled 
water and then we measured the pH in all cups.   
 
Iron Analysis 
The total iron in soil was determined by an AAS. A total of approximately 0,3g soil was 
weighed in Teflon beakers, 4mL concentrated nitric acid (HNO3) was added and the beakers were 
prepared in a carousel for extraction and then placed in a microwave-oven for destruction. In this 
treatment the solutions are heated and both the organic and inorganic iron is extracted as ions into 
the nitric acid. When the destruction program was finished, the beakers were cooled for thirty 
minutes and the extract was filtrated in the following manner; standard paper filters were washed 
by 1:1 HNO3 and water solution three times, then the extract was poured thorough the filter into a 
Svinø nor: The role of current conditions in a possible restoration project  
Group2, House 14.2 
Date: 5/29/2007 
  Page 28 of 58 
50mL measuring flask. We filled the flask up to the 50mL mark with MilliQ water3. Samples were 
stored in the refrigerator overnight. 
The AAS measurement requires standardization, which is obtained by first measuring 
standard samples. For our standard samples, we used the interval 0-10 µg/mL where six different 
standard solutions with the concentrations of 0, 2, 4, 6, 8 and 10 µg/mL were prepared. We used a 
stock solution of 1000 µg Fe/mL and diluted it to the desired concentration with MilliQ-water. 
The standard samples were treated like all other samples; destruction in the microwave oven, 
filtration, dilution and measurement in AAS.  
For the AAS measurement, the sample’s value is taken directly by the machine from the 
glass flask. During the measuring process we have found out that some of our samples had a 
higher Fe concentration than 10µg/mL, in these cases we have diluted the sample by a factor of 
ten or fifty times and then measured them again.  
 
Total Phosphorous analysis 
We expect to find phosphorus, which is a result of fertilization activity, mainly in the top 
layer of soil. Therefore, we have decided to do this analysis only on the samples from the depth 
section of the top 20cm of each sampling point.  
This analysis is based on a reaction of inorganic phosphate (PO4-3) from the samples with 
antimony ions (Sb3+) in a sulforic acid (12 N H2SO4) solution, forming an antimony-
phosphomolybdate complex. The complex is reduced with ascorbic acid (C6H8O6) resulting in a 
blue coloured molybdenum complex. The absorbance of the complex is measured at a wavelength 
of 890nm by a spectrophotometer. The absorbance has a linear relation to the phosphorous 
concentration (in parts per million) in the sample.  
A small, homogenized portion of the crushed soil from the relevant depth was taken and 
mechanically crushed further for three hours. The result of this process is a very fine powder.  
Due to the long procedure for this analysis, we have decided to prepare two samples for each 
test. This is to ensure that we will not completely lose our results in case of a spill or accident, it 
will also allow us to take an average result from each test and in that way increase accuracy. In 
this analysis we have made two different measurements for each soil sample, namely inorganic P 
and total P. This will also allow us to later calculate the organic P.    
                                                 
3
 Water purified by reverse osmosis 
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We weighed 0,5g of the soil inside a marked ceramic crucible. We repeated this process four 
times for each sample, two crucibles for each measurement. The crucible for the total  phosphorus 
analysis were put in an oven at 550˚C for one hour and after that they were left for cooling to the 
room temperature. After the samples were cooled down we weighed them again, the weight 
difference from before and after being in the oven is the weight of organic matter in each sample. 
Next, 5mL 12 N 4 H2SO4 was then added to each crucible both the ones that were and were not in 
the oven and they were set for ten minutes inside a sand bath with a temperature of 70˚C. After ten 
minutes the samples were taken out and an additional 5mL (12 N H2SO4) was added, then the 
crucibles were left to cool down for an hour. We filtered the samples with a paper filter into a 
200mL glass flask and added MilliQ water up to the 200mL mark. The samples were transferred 
into plastic bottles and set in the fridge for saving over a night or two. Then samples were taken 
out of the fridge and we let them warm up to the room temperature. In the meantime, we prepared 
a series of standard samples for the analysis, it is important that the standard samples are prepared 
and analyzed in the same day as the unknown samples. The standard samples were prepared with 
an inorganic phosphorous solution and MilliQ water in seven different concentrations; 0, 0,005, 
0,01, 0,02, 0,03, 0,05 and 0,01mg P/mL.  
When the samples have warmed up to the room temperature, we put 30mL of each extract 
and each standard solution into separate 100mL glass flasks and added 75mL MilliQ water, 
homogenized them, and added 15mL ascorbic acid. Within fifteen minutes the solutions turned 
blue and were ready for analysis in the spectrophotometer, it is important that all samples are 
analyzed within two to three hours from the moment we added the ascorbic acid otherwise the 
accuracy of the reading is not precise enough.  
With relation to this analysis, it is important to mention that all the ceramics and glassware 
were washed with hydrochloric acid and rinsed with water before, and after, each and every time 
we used them. This was done in order to ensure that the previous samples that were analyzed in 
the same glassware didn’t influence our analysis results. The special cleaning process is to avoid 
use of detergents containing phosphorus. 
Topographic analysis  
                                                 
4
 N signifies “Normality” which is a concentration measurement g/L. 
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Map 7:  Using this topographic map of the surroundings of Svinø nor we could make a simple topographic analysis 
which will help us to reflect on the water and soil dynamics in the area. 
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Results and Analysis 
In this chapter we will present our results in the form of graphs and maps. The different 
results are organized in a way that will allow the reader to observe the spatial variability of the 
five parameters we have investigated, on the horizontal and vertical axis.  
The aim of representing our data in this way is to show the variability in all examined 
parameters both between the different sampling points and within the depth sections in each point. 
Moreover, we think that in that way the readers and we will be able to observe patterns and 
interrelations between the different investigated parameters. 
Each of the graphs has three main sections named underneath. The first section on the left, 
“lowland”, includes sampling points 2, 13, 4, 5, 6, which are located in the area of the former 
wetland below sea level. The second section in the center of each graph, called “upland”, includes 
sampling points 1, 3, 11, 12, 14, which are above the zero line. These two first sections include 
samples which are taken from a cultivated area. The third section on the right of each graph, called 
“preserved”, includes samples 7-10 (only 9 & 10 in the total P graph) that were taken from the 
preserved area on Avnø.    
We have laid out the graphs in rows and columns. Each row represents the same depth 
section, the top row is for data from the 0-20cm horizon, the second row is for 20-40cm, the third 
row of graphs represents the 40-60cm layer and the bottom row represents the deepest layer of 60-
80cm. The different columns represent the different parameters, the first graph represents the 
different soil types (texture) that we have found in our borings. Due to the special character of our 
texture data, we find more convenient to display in one graph, it is an attempt to simplify the 
gathered data of field and lab work for texture analysis. On the next page we have five graphs for 
each pH and iron on the page following texture’s graph.  The final graph page has four graphs 
representing organic matter content and one showing phosphor content.  
Please refer to these maps for a complete understanding of our data and the way we use it. 
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From the different graphs we can extract the following observations… 
We have extrapolated the data from the graphs using our knowledge of theory and created 
maps of the area that represent the spatial variability of the different parameters we have 
investigated, this is how we did it: 
 
Making maps of Svinø nor 
To make a qualified mapping of Svinø nor, based on the data spots we have collected, a 
greater understanding of the area (and its dynamic mechanisms) needs to be obtained. It is true 
that all our parameters are interrelated with each other and influence each other alternately over 
time. It is possible for us to separate the more influential factors from the not-so-influential factors 
– and we can separate them into dependent and independent variables. 
It appears to us, from this mapping, that the most independent factor of relevance in Svinø 
nor is the contour of the area. It is independent because only geological changes or deliberate 
geomorphologic changes induced by humans will influence the topography of the area within 
relevant time-spans.  
Knowing that topography is an important factor we can, then, proceed to identify the next in 
chain. We find this to be soil texture. The 
texture of an area is formed by its 
geological development over many 
thousand years so we can’t entirely say 
that it is depending on the topography. We 
can say that the texture can be indicated by 
the topography in the sense that, in 
different places of different altitudes, the 
diverse altitudes might reveal horizons of 
different texture. 
Stepping into the third link in the 
chain, things get a bit more intertwined. 
We can say that hydrological dynamics are 
depending on texture because it, among 
other things, is the structure of the soil that 
determines the field-capacity of an area 
Map 8: The base map for data extrapolation 
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and thereby controls one of the important factors of the water dynamics. The intensity of water 
dynamics can also influence the texture of an area.  
The rest of our four parameters (pH, soil iron, soil phosphorus and organic content) all 
implicitly require the presence of water for transportation, and in an aqueous soil they are in a 
solution to interact with each other. 
Now, by the data we have collected on the five parameters, our procedure to make a map 
starts of by recognizing the contour lines of the map, then draw a limit of the max perimeter of our 
specific parameter. Then we start looking at the dataset associated with our parameter, split it into 
range-classes which we can colorize. Then we project the colors of the sample spots onto the map, 
and last step is then to extrapolate around our spots according to the contour lines, within the 
perimeter, in a way that makes sense to us 
Notes for Vegetation Map 
At first, we thought that we would be able to use the Google maps for estimating the places 
where there is vegetation and where there is not. We weren’t able to find out when the Google 
map that we had was taken at and since vegetation can change very much even in a short time 
(days and weeks), we decided to let Google be Google and use our own experience of how the 
area looked when we were down there. 
At our sample spots we’ve noted areas of natural grass, grass-like crops, crops of rape and 
areas were the soil has been tilled, or turned, and there was no vegetation at the moment. We will 
use these distinctions to draw our vegetation map of Svinø nor. 
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Map 9: Soil texture extrapolation 
Spatial variability- results and observations 
Soil texture map: 
We know that topography 
is a major identifier when 
dealing with texture and that 
texture variation is due to a 
development in the area which 
can be shown by its 
topography. The contour map 
we use has red dashed contour 
lines representing 2,5m 
elevation intervals.  
From this map we can 
learn that the most prevalent 
soil type in the area of Svinø 
nor is sandy loam. This soil 
type has the possible 
combinations of 80%-50% 
sand, 0%-18% clay and 0%-
50% silt. We have also 
observed areas of sand (85%-100% sand), sandy silt loam (20%-50% sand, 0%-18% clay and 
30%-80% silt) and loamy sand (70%-100% sand, 0%-15% clay and 0%-30% silt), these soil types 
are lying in neighboring zones in the center of the former wetland. Taking the soil type triangular 
scheme (Figure 1: The triangular scheme of soil pg. 11) into consideration, we can see that this looks 
like a natural transition area between these similar soil types which is mostly influenced by natural 
processes of soil weathering affected mainly by winds and precipitation.  
In our reference zone we can see a similar picture where the prevailing soil type is sandy 
loam, while sample 8 has clay loam. We think that this is also due to weathering processes 
influenced mainly by the close by body of water which might sweep away the upper layers, 
increasing the relative amount of clay (which is more common in the lower horizons) in the soil 
profile.          
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Map 10: Soil pH extrapolation 
Soil pH map: 
On this map we see that 
pH in the value between 6 and 
7 is the most dominant of the 
area. This is probably because 
of the management and use of 
the area, particularly 
agriculture.  A pH value 
between 6 and 7 is the optimal 
value for growing many kinds 
of crops. As it shows, in the 
middle lowland area, sample 3 
and 4, there is a low pH value 
(< pH 6). Sample 1 and 
towards the northwest and the 
water inlet has a pH over 7. 
These two places of deviations 
might be caused by different 
agricultural activities in the 
fields – agricultural management 
is one of the significant factors that influence pH in the soil. We believe that the reason why 
samples 3 and 4 have a lower pH value is because it is in the catchment’s site of the surrounding 
fields and that means the runoff gathers there. Water runs from the highlands to the lowlands, this 
induces the possibility of more leaching and this is one the important natural factors which 
influence soil acidity. When leaching increases the pH of the area decreases. 
In our reference area, we see the entire range of our pH value results present in a close 
proximity of each other. As we know, these spots are not managed, so only natural factors should 
be taken into account. We think that the pH value that we have obtained in sample 10 is a direct 
result of the sea water flooding this area five months previous to the time of sampling. This water 
rise has caused a leaching of nutrients from the soil into the groundwater. The negatively charged 
binding sites on clay particles and organic matter fractions in the soil were filled with H+ ions 
which cause the relatively acidic value. The difference between the pH values of samples 7-9 and 
sample 10 shows the divergence in the scale of the leaching taking place.    
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Map 11: Soil iron extrapolation 
Soil iron map: 
This map is a description 
of the total iron content in the 
region. It attempts to give the 
viewer an idea of how the 
element is present and in what 
abundances for the areas under 
examination. There is a 
correlation between the area of 
low iron content and the 
wetland area sketch from the 
year 1720 (Map 2: Svinø nor 
area in 1720, a sketch made by 
DN. from this figure it is 
obvious that at an earlier stage 
Svinø was an island, and that 
the cove was connected to the 
open sea both from south and 
from the west-northern ends.. 
pg.7). We assume that the iron in the soil originates from the parent material and that the level of 
iron concentration in the area was roughly uniform after the last ice age and the resulting land rise.  
This relationship between the former wetland area and the low iron content has to do, in our 
opinion, with the increase of solubility of iron compounds in waterlogged soils. We are showing 
that the lowland of the past has had a better rate of transition for the iron in saturated soil, thus 
leaving a more prevalent iron content retention outside of the proposed water plain. The 
degradation of the soils could also be an important factor while the crops can be responsible for 
withholding some iron in their fields. 
One explanation to the relative high iron concentration in sampling point 8 could be related 
to the different texture observed in that point. A higher concentration of clay particles and 
minerals would possibly mean higher iron concentration as well. We find support to that 
assumption in the correlation between the higher iron content in the two lower soil layers of 
sample point 8, and the higher clay content in the same layers.  
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Map 12: Soil phosphorous extrapolation 
Soil Phosphorus Map: 
Here we can see the 
phosphorus levels in a few 
categories across the inspected 
area.  
There are apparent 
differences between the 
agriculture and non-agriculture 
areas. We believe that sample 2 
has a high accumulation of 
phosphor because of high water 
traffic and the convergence 
from farms runoff to the 
pumps’ channels. We think 
that, for similar reasons, this 
high concentration area is 
stretching to the south 
following the water channel 
and includes the channels 
junction between samples 2 and 13 as well. 
On the other side of the spectrum, sample 4 may have had a significantly lower amount of 
phosphor due to organic farming and/or a temporary lack during the time of sampling.  Samples 6, 
9 and 10 have low concentration of phosphor, which we relate to the fact that they were taken 
from areas of organic agricultural (sample 6) or of natural landscape (samples 9 and 10). Samples 
4 and 5 are also taken from an area of organic agriculture yet the difference between in phosphor 
concentration of them is that 5 is lower in elevation, therefore, attracting runoff. We must state 
that we do not have data on the phosphorous from sampling points 7 and 8, since we haven’t run 
the analysis for these samples. However, we assume that the phosphorus concentration in these 
points is similar to the concentration in points 6, 9 and 10, which surrounds them.   
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Map 13: extrapolation of soil organic matter content 
Soil Organic Matter Map: 
As we see from the map, 
most of the Svinø nor area contains 
less than 2,5% organic matter on 
an average value. 
The organic matter contents 
that we find in the middle of the 
potential restoration area is higher 
than its surroundings, sample 2 has 
a percentage of  ~10% and sample 
13 has ~17,5%. To the west of the 
potential restoration area there 
seems to be a gradient transition of 
organic content between the 
lowland and the highland. This 
area contains between 2,5 and 5% 
organic matter. 
We think that the reason why 
we see variations of organic matter 
in the Svinø nor area is due to the 
fact that the majority of the area is being used as agricultural land (except for samples 7, 8, 9 and 
10, which are protected). When the rain falls it will make a runoff along the slope collecting the 
organic matter from the highland-fields to the lowland areas and organic matter will accumulate in 
the lowest places. The streams and catchments also influence the flow of organic matter, many of 
these are heading towards sampling points 13 and 2. 
In the protected area which we use as reference we see a rather low amount of organic 
matter. Only samples 8 and 9 have higher concentrations than 2,5%. These areas are not managed, 
which means that the organic matter is in a stable condition. The outstanding situation of samples 
8 and 9, in regards to organic matter content, could be due to the location and its alterations over 
long periods and being under the influence of sea currents. 
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Map 14: vegetation and management map 
 
Vegetation and Management Map 
On this map we have combined our 
own notes of the view of the area together with 
arealinfo.dk’s(Danish governmental mapping 
service) description of the area. The vegetation 
cover in the area changes every year depending 
on the farmers’ wishes, what we see on the 
map is the vegetation that we experienced 
when we were down there. The reason why 
most of the map is not colored is because we 
didn’t sample in those areas so we didn’t see 
what kind of vegetation is present in the fields. 
As we can see the vegetation cover of the area 
is divided into grassland, crop and areas where 
the soil has been turned. Maybe the grassland 
which is present in the agricultural areas is due to the farmers farming too intensively in the past 
and now the field is lying fallow to regenerate its mineral resources. In-between separate fields of 
crops or between crops and grassland fields we often noticed a line of trees standing on the 
boundary.  
From arealinfo.dk we found the places in the lowland and reference area which are 
environment friendly managed or MVJ in Danish terminology (acronym for Miljøvenlig 
Jordbrug). The environmentally friendly managed areas have to be managed in a particular way, 
different from the surrounding areas. We see that most of the potential wetland is also part of the 
environmentally friendly management as is our reference area.  
The reference area is mostly covered with grassland, but there are two small forests on the 
east-coast off the Nature Centre and the police academy and these are not part of the MVJ-area. 
The marshland area is also under environmental friendly management. It contains high natural 
value and is a very good example of the potential wetland. 
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Error Analysis and validation of the results 
In this part we will discuss weaknesses and problems with our results and analyzing 
procedure. We will divide our errors and uncertainties into qualitative and quantitative and then 
discuss about how influential they are to the final result. 
There are some errors and uncertainties that are specific to one measurement or instrument 
however, the method by which we chose to take our samples from the field has its own drawbacks 
which then would influence all our results. Choosing augering as our sampling method limits our 
ability to separate between the different horizons in the soil and therefore limit our ability to make 
a comprehensive analysis of our results. The main drawbacks with this method are the following: 
When augering in intervals of 20cm in one spot we might have extracted 5cm of “E” horizon 
and 15cm of “A” horizon, while in a different spot the same depth interval would have 13,5cm 
“E” horizon and 6,5 “A” horizon. If the “E” horizon is alkaline and the “A” horizon is acidic then 
the homogenized mixture of these two samples would yield two different results while analyzing 
for pH. The same problem is expected to show up while doing all other analyses. This would 
make the validity of the spatial comparison between the different spots less accurate than we 
would like it to be. Even though it seems to be a quantitative problem, we see this inaccuracy as a 
qualitative uncertainty since it raises no problem with the actual comparison between, for 
example, all the upper 20cm from all augering points.      
Another qualitative setback to the augering method is that while pulling the auger up some 
soil from the upper layers can get mixed in the auger which creates an impurity in the extracted 
soil sample. 
Other general problems that might occur during our analysis are quantitative inaccuracies 
regarding the machinery’s functionality and accuracy. We can only assume that by following the 
technical guidelines, calibrating the different instruments before measuring and by analysing all 
our samples in close time we minimized and homogenized the errors resulting from this kind of 
malfunctioning.    
  
Quantitative errors and uncertainties: 
Errors and uncertainties in Soil texture analysis 
When we were reading the hydrometer for the four and eight minutes measurements we 
were still stirring the soil water solution in the temperature regulated water tub, so the water wave 
might have been disturbing with the precision of our readings from the hydrometer. A different 
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problem was that before the solution was dried in the oven we were sieving the solutions through 
a 65µm sieve and flushed the solution using a water pipe. The water pressure might have caused 
some soil particles that have a diameter that is bigger than 65µm may also flow out of the sieve 
with the water. During the last step when we weighed the soil samples that remained in the 
500µm, 200µm, 125µm and 63µm mesh sieves after 7min shake. 
 
Errors and uncertainties in Soil pH analysis 
We have noticed that even when we measured pH of two soil samples that are from the same 
soil profile we got different pH values, this is probably due to machinery inaccuracy and due to 
the time it takes for the pH in the sample to be stabilized. This has also caused the second error we 
have noticed that is when we were reading the pH value. This number was not stable and it was 
changing all the time. In order to minimize the problem we took the pH value exactly two min 
after starting the measurement.  
 
Errors and uncertainties in Soil iron analysis 
While doing this analysis we have run into a problem of a low calibration curve, namely, the 
concentration of iron in our unknown samples was higher than the calibration curve which had the 
interval of 0-10 mg Fe/L solution. This would mean that our results will be out of the calibration 
curve and inaccurate. To solve this problem we have diluted the samples if needed (see: Error! 
Reference source not found. pg. Error! Bookmark not defined.) and then took the dilution 
factor into consideration while calculating the results. This has a minor, if any, effect at all on our 
results. However, there were still some samples which gave a higher result than our standard 
curve. In these cases we have considered the results only if they were in correlation to the other 
results from the same auguring point. 
 
Errors and uncertainties in Soil phosphorus analysis 
As mentioned in the methodology chapter (pg.Error! Bookmark not defined.), we have 
made a double set of samples for this analysis, this allows us to minimize errors and increase the 
accuracy. However, while doing the phosphorous analysis we have unintentionally spilled some of 
the samples, these samples were marked and the results from their analysis were compared with 
their twin sample before taken into consideration. Since, in all cases, the differences were very 
minor we have decided to include these samples into our result analysis. 
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While running the spectrophotometric analysis we have noticed that some of the standard 
samples we have prepared were becoming darker and darker, therefore we have run another 
analysis on these standard samples. We have noticed a significant change in the absorbance of the 
samples. The differences in absorbance might signify that a similar process might have been 
happening in all of our samples. This means that we have measured less phosphorus than the real 
content. Since we have done the analysis of our samples according to a guidance paper for 
phosphorus analysis we analysed all samples within the recommended time frame from the 
moment of adding the colouring agent so therefore we think that our quantitative results from this 
analysis are valid. 
Qualitative: 
Our assumption that the significant phosphorous content in the soil is to be found in the top 
layer has a clear downside. This goes especially for the agricultural areas where the land is 
cultivated and thus the soil top horizon is being mixed with deeper layers. We are aware of this 
problem and if we have had the time we would have analysed the P content also in deeper soil 
layers.   
 
Errors and uncertainties in Soil carbon content analysis 
We have noticed that sometimes two soil samples from the same soil profile showed a 
different carbon concentrations value when analysed. Due to the time limitation, we decided to 
burn three soil samples from the same profile and calculate the average number. It would be more 
accurate if we had enough time to analyse more soil samples from the same profile and calculate 
the average number.  
 
Errors and uncertainties in connection to making maps of extrapolated data 
A preliminary setback which we can note concerning the extrapolation of our data onto maps 
of the Svinø area, is that we are plotting the average numbers based on data from all four depths of 
each sample. We decided to do that because in many cases we experienced similar or gradual 
change through horizons and taking an average value under such circumstances is ok 
mathematically. However, at some sampling locations we have experienced dramatic change from 
one depth to the next, in these cases taking an average value will give a third result which neither 
corresponds to the top or the bottom depth of our actual sample. The total-P map is an exception 
to this because it only represents the spatial distribution in the top layer.  
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In each map we have made a maximum length limit of extrapolation, this is represented by a 
circle covering around 4,4km across and 15km2 in area with local roads or rapid topographic 
variation serving as delimiters. In some cases we restrict the extent of our extrapolation to smaller 
areas because we consider the data more sensitive. 
 
Soil texture map 
It is the extent of our extrapolation which is the question, “What is it possible for us to make 
qualified guesses towards?” Texture variations might also be due to top-soil vegetation 
differences. The texture in a forest bed might be different than the texture in a meadow even 
though they have the same topographic level. This means that the forest areas of our map right 
next to sample 9 for instance might have a different texture than sample 9 itself.  
We lack the data from the texture analysis for sample 4, 20-40 cm, this might have caused 
inaccuracy in the calculation of the average value for this location. From the soil texture analysis 
graph (pg.31) and from the soil texture map (pg. 36), it shows that location 4 has a very similar 
pattern to it’s neighbouring sampling points 5 & 6, and this is the information upon which we 
have based our assumption of the soil texture at that point. 
Sample 8 shows up as clay loam when we take an average of it, but in our actual data we 
have sandy loam in the two top layers and silty clay loam in the two bottom layers. This is a direct 
error to our mapping, but to retain uniformity in our approach to making the maps we decide to 
keep run-a-stray values as this because it still serves to indicate a variation from its surroundings 
which is correct. 
 
Total-P variation map 
As we know from our theory, the availability of phosphorus for plants is pH dependent, and 
since pH is highly influenced by water flow, we hypothesise that the availability of phosphorus is 
highly influenced by water flow as well. 
We are extrapolating our data onto samples 7 and 8 in the expectancy that they are equal to 
the rest of the protected area, but since we have noted a self-contained sample 8 regarding both 
iron content, pH value and soil texture, it might be an inaccuracy in doing this extrapolation. 
 
pH variation map 
In this map there is less certainty about the downhill area west of sample 11 because a 
difference in the water flow might induce different pH value. When it comes to pH, local point-
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source contaminants are a source of error. The pH value next to a car road in the area is probably 
different than the value we would get if we go just 5m away from the road. In all of our samples 
we have tried to get as much into the real field as feasible, so this uncertainty should be minimal. 
On the map however, the areas surrounding roads or human facilities must be ignored since the 
opportunity of point-source variation is too great. 
 
Organic matter map 
As it is with pH, it is not possible for us to argue for the organic matter values at human 
construction sites. Roads and buildings are not accounted for. The organic matter depicts the 
amount of humus or very fine plant matter available in the soil. It does not represent coarse roots 
(or similar plant material) or smaller organisms – these we take out before doing our analysis.  
 
Vegetation and management map 
When making the vegetation map we had to rely on our experience of what we saw when we 
were in the field, one of the big uncertainties in that is determining the size of the fields having 
certain vegetation. In mapping our observations, we were only able to relate location and size to 
the surrounding water streams or roads, so the middle parts (sample 12, 3 and 5) might be a bit off 
skew. 
 
Summary- the validity of our results 
By summarizing this part of the report we are able to say something about the validity of our 
results. There is more than a single question mark concerning the numerical value of some of our 
results, however we strongly believe that we have done an accurate and precise work. This is to 
say that even if the exact values of our analysis might not be as accurate as we would like them to 
be, the patterns that can be observed from our results are valid.     
Unfortunately, due to time and technical limitation, we couldn’t research all the parameters 
that we think are relevant for the success of the restoration project and to its evaluation. We would 
have wanted to research some additional physical and chemical parameters in the soil as in; soil 
redox potential, water content, water flow, nitrogen content, aluminium content, sulphur content, 
heavy metals and other pollutants. By not running these extra tests we might be missing some 
important information about possible processes.     
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Map 16: First restoration scenario. 
 
Map 16: Second scenario for restoration. 
 
Discussion 
In this part of the report we will discuss our results with relation to the restoration project 
(scenario number 2), we will try to predict 
what our results mean towards the chances of 
success in a restoration project and also how 
would the spatial variation of the different 
parameters which we examine along the report 
(soil texture, pH, iron content, phosphorous 
content, organic matter content and soil and 
water management) influence this. 
 First scenario (Map 16: First restoration 
scenario.): This scenario requires bringing the 
area back to the natural state previous to the 
construction of the dikes, it is comprised of 
stopping the pumping activity and dismantling 
the dikes. In this situation, a cove with 
brackish water will be created and its water 
level will be equal to sea level.  
Second scenario (Map 17: Second 
scenario for restoration.): To return the state 
of the area back to the 1890’s model (see: 
Map 4, pg.. 8) includes the stopping of the 
pumping activity but leaves the dikes as they 
are. In this case, the water that fills the cove 
will gather mainly from rainfall. The result 
will be two freshwater lakes, the larger of 
them in the north and a smaller one south of 
the former cove. The surrounding area will be 
a bog and marshland. It is important to 
mention in that point that the lakes and 
wetland around them will not have a direct 
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Map 17: Third scenario for restoration 
outflow to an open bigger body of water. We think that this specific factor will play an important 
role in the type of wetland created and in the chances of success for the project.    
Third scenario (Map 18: Third scenario for 
restoration): This model includes the actions of 
stopping the pumping activity, destruction and 
removal of the existing dikes and, finally, the 
construction of a new dike. A lake of fresh water will 
be created in the whole cove extending from the 
northernmost end of the pumping region to the road 
connecting Svinø and Sallerupgaard. Avnø will end 
up being an island again with a strip of seawater on 
its north coast.  
In our report we try to predict how the present 
situation of Svinø nor will influence the future 
restoration project according to scenario 2. We chose 
scenario 2 because it seems to us that this is the 
simplest and the most economically feasible of all 
three. By restoring the area in accordance to this 
scenario, nothing has to be destroyed or build, all that 
has to be done is to stop the pumping activity. 
Our scientific prediction should be based on the theoretical knowledge, experimental work 
and good common sense. Theoretical knowledge is a good work guide for our experimental 
research. We have described the theories that related to our empirical research previously. What 
we have learnt from the theoretical studies is that we know the formation processes and the factors 
which can influence the concentration of each parameter in the soil that we have chosen, and the 
interactions between each others. The theoretical studies must be followed by empirical 
experience to make sure or verify the theory implements into actual work. The empirical 
experience includes observation, data collecting (sampling) and experiment. An observation of the 
problematic area is needed to gain a visible expression in identifying the internal and external 
influences. The results from the experimental work will help to verify the knowledge from our 
theoretical studies. For our empirical experience we went down to Svinø nor and collected soil 
samples, and we used the soil samples to do our soil composition experiment that provided the 
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concentration of five parameters. The combination of theoretical studies and empirical experience 
supplies the scientific foundation towards a proper scientific prediction. 
 
 
The possible future of Svinø restoration project 
The possible future wetlands, including both marshlands and lakes, have equal importance 
for sustaining a wetland ecosystem. The two lakes are created along with the marshland after the 
activities of pumping is halted. Our subject area is saturated and a lake will form. The region in 
the protected coastline area is a sort of reference to the future marshland due to soil quality 
similarities. According to our experiment results, the current nature’s status and soil situation in 
the future marshland area outlining the two potential lakes have similar property as the protected 
area near the coastline in Avnø. The soil’s texture in this protected area is mostly made up of 
sandy loam, and the soil in the future marshland is mainly consistent of sand as its finest particle. 
In accordance with our theoretical research, we found that the particles’ size in the sand, and 
sandy loam, are nearly the same. So the texture doesn’t have a very powerful effect in the future 
marshland between the two lakes. The pH value in the future marshland area is, currently, almost 
the same as the protected area so the influence of pH on the future marshland is not so substantial. 
Soil’s organic matter, iron and phosphorus contents are close to the values of the protected area. 
This soil condition in the future, possible marshland area which is similar to the soil conditions of 
the current protected area will also promote the growth of similar vegetation. Vegetation is a 
major constituent in the maintaining of a balanced ecosystem. 
The things that might have helped in forming the present situation which we have now 
observed, is the management of the area. We believed that the agricultural activities (including pig 
farms, scattered around the peripheral of the low-lying area, and different crops) that are going on 
in the inside area of Svinø would have influenced the parameters more than our results have 
shown. Only with regards to sample 2 and 13 in the organic matter analysis, can we see any real 
difference from the protected area, Total-P levels are also distinctly lower in the protected area.  
The reason for this slight deviation from our expectations can perhaps be explained by the annual-
cycle. We went down there in the middle of March on a clear day, the past rainfall had been four 
days before. Since the time the crops were harvested last autumn, the fields have been lying bare 
all through the winter, with the exception of possible winter crops. The pig farming continues as 
usual throughout the year, and their influence on their surroundings (up to 300m) is usually in the 
form of ammonia and odor emissions. Depending on the intensiveness of the pig farm, these 
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emissions can greatly influence on pH-levels and thereby vegetation [Hayes et al. 2005]. We don’t 
have extensive knowledge to figure out the influence of the pigfarms in Svinø to its surroundings, 
this would be a study of olfactometry. 
If we assume that the area of crops had been replanted with winter seeds after they where 
harvested last autumn, then it might explain why we in our results got similar values everywhere – 
the winter crops restrain and incorporate excessive nutrients from the fertilization, precipitation in 
the winter months washes away what is not adsorbed and the low temperatures keeps the 
microbial decomposition of the organic material in the area at a low rate. 
The first stage of the restoration project as we understand it is the stop of the water drainage 
in the area. This would lead to a rise in the groundwater level and the creation of the wetland area 
as it is seen in the restoration project map (Map 17: Second scenario for restoration.). The next 
thing that will happen is OLF resulting from precipitation. This OLF will be carrying fine soil 
particles and solutes into the lower lying wetland area.  The inflow of sediments and solutes will 
cause an increase in the concentration of nutrients in the water, and accumulation of the less 
soluble compounds to clay and silt in the bed sediments. 
 We expect to find a high concentration of nutrients available to organisms in the water, this 
high concentration of nutrients might cause a high primary production in the immediate future. 
The concentration of the nutrients in the water is dependent on variety of factors. Over the long 
run, the accumulation rate of nutrients is probably the most important of these factors. Since the 
area around the possible wetland will also be restored as a nature reservation we expect the rate of 
accumulation of nutrients (resulting from human applied fertilizers) to decrease with time. The 
second factor is the adsorption of nutrients (mainly phosphorous) by the bed sediments and the 
influence of environmental factors (like pH change) on the re-releasing of these nutrients to the 
environment. The third influential factor is the rate of biological use in these nutrients in the build 
up of organic materials by primary producers, and the decomposition rates discharging the 
nutrients back to the soil and water. The rate of nutrients exchange with the outer environment is 
another significant factor. The wetland which would be created is an open ecosystem where 
nutrients and energy are exchanged with its surroundings. In scenario 2 there is a high inflow rate 
of solutes to this ecosystem and a low outflow rate of solutes, due to the lack of direct waterway to 
the sea. We expect a build up of high nutrients concentration in the water for this reason. The last 
process that we would like to mention in that context is the outflow and inflow of energy and 
nutrients in the form of organic matter due bioactivity. Outflow due to herbivores and carnivores 
like birds and mammals that get their food from the bogs and lakes but live outside of the wetland 
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area, inflow of organic matter in the form of faeces and dead organisms as a result of the same 
activities.     
We don’t have the data in order to make a quantitative prediction about the time scale and 
concentrations of nutrients accumulation. Based on our understanding of the relevant processes we 
make a qualitative prediction which is that we expect a high build up of nutrients in the water and 
soil followed by a slow decrease in the concentration and finally, stabilization. 
The high nutrients concentration, in the short term, would be followed up by a high primary 
production of algae and plants when the weather conditions are suitable. The high rate of 
photosynthetic activity during the daylight hours would lead to increased oxygen level in the 
water while the respiration activity of plants and decomposers will cause decrease in the dissolved 
oxygen concentration during the dark hours. The high primary production would result in a high 
rate of organic material accumulation on the bed layer followed up by a high rate of 
decomposition activity. The decomposers, earthworms, larva, small crabs and primarily bacteria 
have a high oxygen demand which means further decrease in the oxygen level of water. The 
relevant factors influencing the rate of gases exchange between the water and air are: the 
concentration of gases in air and water, bioactivity (photosynthesis and respiration) and winds and 
streams that cause turbulence. Also here we are only ably to make qualitative predictions. We 
anticipate that the algae blooming in the first spring season to come up after the restoration project 
is accomplished and then the death of algae and accumulation of organic matter in the bed 
sediments will lead to a high decomposition rate. This will be followed by low oxygen 
concentration in the water which would be a limiting factor to the evolution of a healthy and 
balanced ecosystem, especially in the first years. However, we do expect that balance would be 
restored in the long term leading to a well functioning ecosystem. We find support to this idea in 
one of the past stages that the cove was going through (Map 4: The Svinø nor area at 1890, the 
two dikes can be seen on the northern and north eastern sides of Avnø. At that time the cove is 
mostly marshland, with three small and shallow lakes. pg.4) which have had very similar 
characteristics to the future restored area. 
From our results of pH analysis (Map 11: Soil pH extrapolation pg. 38) we can say that the 
area in general has a healthy and normal pH levels in the soil. The anticipated inflow of nutrients 
(NH4+ ions) from the close by environment is expected to slightly decrease the pH values of the 
water and soil leading to a weak acidic environment. Groundwater in Denmark usually has 
slightly basic pH values due to chalk-levels in the water source. The anticipated high rate of 
photosynthetic activity is also expected to contribute to increase the pH value of the water by 
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uptake of the acidifying elements CO2 and bicarbonate ions (HCO3−) from the water. All in all, we 
expect these processes to create slightly alkaline to moderate alkaline pH values (Table 2: The 
most used terms for describing the acidity in the soil, pg.15). In the long run. the pH values will 
be mainly influenced by rates of bioactivity on daily and yearly cycles. 
We notice that the five parameters we measured in the future marshland have similar 
conditions with the protected area. So we predict the future restoration area in the marshland will 
look somewhat like the protected area at present. 
Based on this explanation of the similarities of the data and our actual sole experience at the 
area, we think that a future prediction about the area is uncertain because of management and 
parameter variations changing throughout the year. Spring is one of the periods of time where soil 
values are neutral. In the summer [DMI] totally different values would be obtained if we sampled 
at that time due to the harvest of crops and high temperature and precipitation. Annual 
measurements are required for the basic soil data in order to make a real sound and secure 
prediction. Otherwise, the different soil data throughout the year would lead to different prediction 
proposals.  
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Conclusion  
In our project we focus on how the present condition of soil in Svinø nor can influence the 
future of a wetland restoration project (see: Map 17. pg. 49). The restoration project have a variety 
of different outcomes ranging from dead, eutrophicated or polluted wetland in the negative end to 
healthy functional wetland ecosystem on the positive side. That way of looking at the restoration 
project can be analogous to a function with two variables; the scenario and the present conditions. 
The range of solutions reflects the range of possible futures. 
Concluding from our results and discussion we try to evaluate were does the different 
parameters measured for the present situation locate the future on this scale of possible solutions. 
The present conditions of soil texture, pH, iron content and organic mater content point 
towards positive conditions for the development of a healthy and balanced ecosystem in Svinø 
nor. On the other hand the current condition of phosphorus content indicates a possible creation of 
problematic future condition of eutrophicated ecosystem around the lakes. In order to generate a 
functional ecosystem all the different environmental variables have to be in balance because 
organisms have a tolerance to a very specific range of pH values, temperatures, nutrient content 
and oxygen concentration. However, it is enough that one of the influential variables is posing a 
problem, in our case it is the phosphorous concentration in the soil.               
Taking into consideration the gravity of each of the variables we have checked and their role 
in the delicate balance of an active ecosystem we can conclude that the probability of a healthy 
ecosystem due to the restoration by scenario 2 is lower than fifty precent for the first years but we 
expect to see an improvement in the conditions of the ecosystem in the longer term.  
The present situation of Svinø nor will have a delaying effect on the restoration project 
success if it is restored due to scenario 2. 
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Perspectives 
Through this project we have been focusing continuously on soil parameters, in the form of 
iron, pH and so on. Now we are pretty much in the know-how on these concerns and really just 
want to reflect what we have learned through the work on this project in a broader context. 
Besides that we would like to give our understanding of possible solutions to the problem of 
eutrophication risk mentioned in the conclusion. 
Our work can cast some light on some of the problems and difficulties wetland restoration 
projects around the world face. The relevant problems in our case, which are related to the present 
conditions of soil, water and management in Svinø nor, are mostly resulting from the agricultural 
use in the land and the artificial application of nutrients to the soil. The relative high phosphorous 
concentration in the soil brings up a series of follow-up questions and difficulties: is scenario 2 the 
most sustainable scenario for restoration? What can be done in order to prevent the 
eutrophication? How and how often the phosphorous content in the soil and water should be 
controlled? What is the best sequence of acts in order to restore the area? And finally, how long 
will it take for the wetland to be an active and balanced ecosystem again? 
We don’t have the answer to all these questions in our report and an expert answer requires a 
further investigation. We can, on the other hand, try to give some recommendations and ideas to 
be considered. We think that scenario 2 is not the best scenario for restoration, the missing water 
connection from the cove to a larger body of water imposes a serious limitation on the nutrient 
exchange. We think that scenario 1 could be a much better solution that will also dramatically 
decrease the risk for eutrophication. If after all, scenario 2 is chosen we recommend that the 
agricultural activity would be stopped as first step. Then we think that the nutrient content in the 
soil around and in the potential wetland be monitored though the year (this would provide 
information on the probability of eutrophication).Only when the concentration is balanced, and the 
values are similar to the reference area on Avnø, it is recommended to stop pumping and restore 
the wetland. 
The act of restoring this area is of benefit to the ecosystem and of interest to environmental 
organisations such as DN. We, as students from the nature science studies at RUC are also 
interested in the success of the restoration project because we think that it is valuable for the 
ecosystem and the protection of biodiversity. The restoration project of Svinø is at the moment 
just an idea. We hope that the work we have done on this project will contribute to future research 
work on the location. 
Svinø nor: The role of current conditions in a possible restoration project  
Group2, House 14.2 
Date: 5/29/2007 
  Page 56 of 58 
 
List of references 
 
Books & Articles 
 
 
1. Bobbink, R., Beltman, B., Verhoeven, J. T. A. and Whigham, D. F. E. 2006 “Wetlands: 
Functioning, Biodiversity Conservation, and Restoration”: Springer Berlin Heidelberg 
NY.  
2. Borggard O. K, 1990,”Dissolution and Adsorption Properties of Soil Iron Oxides”, Dsc-
thesis, DSR forlag Copenhagen. 
3. Borggard, O. K, Raban-Lange B, Gimsing. A. L, Strobel. B. W, 2004, “Influence of 
Humic Substances on Phosphate Adsorption by Aluminium and Iron Oxides”, Royal 
veterinary and agricultural university, Thorvaldsensvej 40, DK-1871 Fredriksberg C. 
Denmark. Geoderma 127 (2005) 270-279. 
4. Busman. L, Lamb. J, Randall. G, Rehm. G, Schmitt. M, 2002 “The Nature of 
Phosphorous in soils” 2002 The University of Minnesota, available on 30/04/07 at: 
http://www.extension.umn.edu/distribution/cropsystems/DC6795.html  
5. Dai. A from TllMES (The institute for Integrative & multidisciplinary Earth studies 
institute in The Earth & Sun Systems Laboratory) homepage available on 30/04/07 at: 
http://www.tiimes.ucar.edu/highlights/fy06/dai.html  
6. Dalal.  R. C, 2001, Acidic Soil pH, Aluminium and Iron Affect Organic Carbon Turnover in 
Soil, available on 30/04/07 at: 
http://www.greenhouse.crc.org.au/crc/ecarbon/publications/nee/chapter15_soilph.pdf  
7. Hayes E.T. May 2006, “Ammonia emissions from intensive pig units in Ireland”, 1, T.P. 
Curran *, V.A. Dodd, Bioresource Technology, Volume 97, Issue 7, Pages 940-948 
8. Evanylo G & McGuinn R. 2000, ”Agricultural Management Practices And Soil Quality: 
Measuring, assessing, and comparing laboratory and field test kit indicators of soil quality 
attributes”.Publication Number 452-400 March 2000 by Virginia state university, 
available on 30/04/07 at: http://www.ext.vt.edu/pubs/compost/452-400/figure2.html   
9. Holden. J (ed).  2005, “An introduction to Physical Geography and the Environment”, 
Pearson education limited, London   
10. Leeper G. W., Uren.N. C, 1993 “Soil Science : an Introduction”, 5.ed. Melbourne : 
Melbourne University Press. (p. 208-9) 
11. Misch, W. J. and Gosselink, J. G. 1986 “Wetlands”, VAN NOSTRAND REINHOLD 
COMPANY, NY 
12. Price. T Douglas, 1991. “The Mesolithic of Northern Europe Annu. Rev”. Anthropol. 
1991. 20:211-233. available on 30/04/07 at: 
http://arjournals.annualreviews.org/doi/pdf/10.1146/annurev.an.20.100191.001235    
13. Schaezel. R, Anderson. S, 2005, “Soils; Genesis and Geomorphology” Cambridge 
University Press, NY 
14. Spetzman. J, Black. G, Hetzel. C, McDonald. K, Heiskary. S, Horgan. B, Mugaas. B, 
Rosen. C, Struss. R. 2004, Phosphorous in Lawns, Landscapes, and Lakes, available on 
30/04/07 at: http://www.mda.state.mn.us/appd/ace/phosphorusguide.pdf 
15. Sposito. G, 1989, “The Chemistry of Soils ” Oxford University press, 200 Madison Av’, 
NY  
16. Yapp. C, 2001, “Rusty Relics of Earth History: Iron (III) Oxides, Isotopes, and Sacrificial 
Environments”, Annu Rev, Earth Planet. Sci. 2001. 29: 165-199 
Svinø nor: The role of current conditions in a possible restoration project  
Group2, House 14.2 
Date: 5/29/2007 
  Page 57 of 58 
 
Other sources 
1. Danmarks arealinformation, Denish mapping service, homepage, available on 
15/05/2007 at http://kort.arealinfo.dk/cbkort?profile=storstroem 
2. DMI, Denmark Meteorological service homepage, 
http://www.dmi.dk/dmi/vejrarkiv?region=6&year=2007&month=3 , available 27/04/07. 
3. Minnesota department of agriculture, available on 30/04/07 at: 
http://www.mda.state.mn.us/appd/ace/phosphorusguide.pdf  
4. Natural Resource Management of Australian Government homepage, available on 
30/04/07 at  http://www.nrm.gov.au/monitoring/indicators/soil/carbon.html 
5. NRCS, Natural Resources Conservation Service homepage, available on 30/04/07 at 
http://soils.usda.gov/sqi/concepts/soil_organic_matter/som.html 
6. Regionplan, Danish ministry of environment, available 30/04/07 on:  
http://www.stam.dk/download/TMF/regionplan/2005/hvidbog-2005.pdf. 
7. SUNY-ESF, State University of New York College of Environmental Science and 
Forestry, homepage, available on 30/04/07 at:  
http://www.esf.edu/PUBPROG/brochure/soilph/soilph.htm 
8. The National Land and Water information Service Canada homepage, available on 
30/04/07 at: http://www.agr.gc.ca/nlwis-snite/index_e.cfm?s1=pub&s2=hw_se&page=21 
9. The Samuel Roberts Noble Foundation homepage, available on 30/04/07 at 
http://www.noble.org/Ag/Soils/OrganicMatter/Index.htm 
10. United state department of agriculture, available on 30/03/07 at: 
http://soils.usda.gov/sqi/concepts/soil_organic_matter/som.html 
11. University of Minnesota, 2002, homepage; [1], available on 30/04/07 at 
http://www.extension.umn.edu/distribution/cropsystems/components/7402_02.html 
12. Virginia Cooperative Extension Knowledge for the Common Wealth homepage, 
available on 30/04/07 at:  http://www.ext.vt.edu/pubs/compost/452-400/figure2.html 
 
 
 
Svinø nor: The role of current conditions in a possible restoration project  
Group2, House 14.2 
Date: 5/29/2007 
  Page 58 of 58 
Appendix: The Danish soil classification system   
 
Weight percent Colour 
code 
TEXTURE DEFINITION 
FOR SOIL TYPE Symbol 
JB. 
nr 
Clay 
<2µm 
Silt 
2-20 µm 
Fine sand 
20-200 µm 
Total sand 
20-2000 µm 
Humus 
58.7% C 
1 Other Coarse Soil GR.S 1 0-50 
2 Fine sandy soil F.S 2 0-5 0-20 50-100 75-100 
GR.L.S 3 0-40 
3 
Coarse clay-sandy 
soil 
Fine clay-sandy soil F.L.S 4 
5-10 0-25 40-95 65-95 
GR.S.L 5 0-40 
4 
Coarse sandy-clay 
soil 
Fine sandy-clay soil F.S.L 6 
10-15 0-30 40-90 55-90 
5 Clay soil L 7 15-25 0-35  40-85 
SV.L 8 25-45 0-45  10-75 
M.SVL 9 45-100 0-50  0-55 6 Clay loam Sandy-clay loam SI. 10 0-50 20-100  0-80 
Under 
10 
7 Humus HU. 11     Over 10 
8 Special soil type SPEC. 12 SILT 
 
 
 
